Habitat fragmentation caused by urbanization is considered a prominent threat to biodiversity. Urban development creates a mosaic of natural fragments which can be occupied by organisms able to survive in small spaces. These fragments are a set of habitat islands separated by less suitable non-native habitats. Because of their isolation, communities of urban green spaces can be investigated using hypotheses developed in island biogeography. The "equilibrium theory of island biogeography" (ETIB) allows the formulation of some predictions about how various characteristics of green spaces (such as their area, shape, level of isolation, environmental heterogeneity, age) should influence species richness. Many studies found support for ETIB predictions, but results varied considerably according to the species' sensitivity to patch size, matrix characteristics, and history of the city. In some cases ETIB predictions were falsified. These contrasting results warn against making generalizations on conservation strategies only based on ETIB models. On the other hand, the ETIB may represent a useful framework for urban conservation, especially for small animals like insects, if the roles of other factors, such as the surrounding landscape, the specific needs of the species under study, and the history of the urbanization process, are taken into account.
Introduction
From the perspective of the organisms that live in urban green spaces (e.g. parks, wetlands, gardens, backyards, green roofs, green gardens), the urban environment can look like a set of habitat islands, which form the green infrastructure, separated by inhospitable or less suitable environments (e.g. builtup areas, industrial sites, parking lots, streets). Thus, biotic communities of urban green spaces should have population dynamics similar to those of islands.
Since their inception, biodiversity studies in urban areas have been inspired by the theory of island biogeography (e.g. Faeth and Kane, 1978) . In particular, the "equilibrium theory of island biogeography" (ETIB), developed by MacArthur and Wilson in the 1960s, was at the base of the principles of reserve design initially proposed by Diamond in the 1970s (see Triantis and Bhagwat, 2011 , for a review) and can be also applied to urban green spaces. The ETIB allows the formulation of some explicit predictions about the influence of area, shape, environmental diversity, level of isolation, and other characteristics of urban green spaces on species richness and extinction levels.
Predictions about species richness
On the basis of principles derived, more or less directly, from the ETIB, we can formulate some predictions about how certain characteristics of urban green spaces can affect species richness. For details about the rationale of each prediction, see Fattorini (2014a) .
-Prediction 1: Species richness should increase with area size, because larger islands will tend (i) to support larger populations (area per se hypothesis), (ii) to have higher habitat diversity (habitat diversity hypothesis) and/or (iii) to be larger targets for potential colonists
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S. Fattorini: Insects and the city (passive sampling hypothesis) (see, for example, Murgui, 2007 ).
-Prediction 2: Species richness should increase with circularization of area shape because a more rounded shape should reduce edge effects.
-Prediction 3: Species richness should be inversely related with isolation, because colonization rates decrease with isolation.
-Prediction 4: Species richness should decrease from periphery to city centre as a result of increasing distance from natural or semi-natural landscapes that may serve as species sources.
-Prediction 5: Species richness should increase with the extent of native habitats within each green space, because larger fragments have a larger probability of including remnants of native habitats.
-Prediction 6: Species richness should increase with circularization of native habitat fragments. Not all the surface of an urban green space may be suitable for an insect. Thus, more than the shape of the overall green spaces, it is that of natural habitats within there that may be important for insect conservation.
Predictions about species extinction
Because urbanization tends to make green spaces smaller, more isolated, and less hospitable, urban green spaces are not at equilibrium; rather, species extinction rates are expected to be generally higher than colonization rates (Fattorini, 2011a) . Thus, most of urban green spaces should conform to "relaxation" dynamics, which allows the formulation of the following predictions about species loss.
-Prediction 7: Extinction levels should correlate negatively with area size, because larger areas support larger populations that are less vulnerable to demographic oscillations, genetic drift, inbreeding, and reduced heterozygosis.
-Prediction 8: Extinction levels should correlate negatively with circularization of green spaces, because more circular shapes should promote conspecific interaction.
-Prediction 9: Extinction levels should correlate negatively with proximity to other green spaces, because (i) where there is more urban green space, there is more likely to be enough suitable environment to sustain a meta-population; (ii) higher connectivity reduces the effects of genetic isolation, and (iii) small green spaces, even if unable to sustain a stable population of a given species, may sustain individuals that are dispersing towards more suitable areas.
-Prediction 10: Extinction levels should correlate negatively with distance to the city centre because (i) human disturbance is reduced in more peripheral sectors of a city, and (ii) more peripheral green spaces are closer to the areas that are a source of immigrants and can benefit from rescue effects.
-Prediction 11: Extinction levels should correlate negatively with the extent of native habitats, because larger habitats increase long-term viability of populations.
-Prediction 12: Extinction levels should correlate negatively with circularization of the shape of native habitats, because more rounded shapes should reduce the impact of edge effects.
Empirical evidence
A number of urban studies found support for ETIB predictions, but results varied considerably according to the study systems. Moreover, available research is mostly limited to pattern description (Predictions 1-6), whereas studies on extinction rates are virtually lacking, probably because of difficulties in obtaining information on species loss. The most documented pattern is an increase in insect species richness (or other measures of diversity) with area of urban green spaces as predicted by Prediction 1 (Jones and Leather, 2012; see also Table 1 ). However, in some cases a positive correlation was found for rural sites, but not for the urban ones, or was definitely absent (Jones and Leather, 2012) . In general, if the aim is to maximize species richness, larger green spaces should be preferred to smaller spaces (everything else being equal). However, if the total area that can be preserved is a fixed amount, and the focus of conservation is on imperiled species, the idea that a single large reserve should be preferred to several small ones may be questioned. This is a long disputed issue in the field of conservation biology known as the SLOSS ("single large or several small") debate (see Godefroid and Koedam, 2003 , for a discussion regarding urban green spaces). For example, a study conducted on the tenebrionid beetles of Rome (Fattorini, 2014b) revealed that the conservation importance of urban green spaces cannot be predicted on the basis of their geographical characteristics, but must be established on the basis of which species they actually host. Moreover, much of the effect of area might be a consequence of the fact that larger areas have a greater habitat heterogeneity, which might be the "true" driver of species richness (see Fattorini et al., 2015) . For example, a study of butterflies inhabiting urban green spaces in Prague (Konvicka and Kadlec, 2011) showed that species diversity tends to increase with habitat heterogeneity. In the case of urban green spaces, much attention has been focused on the extent and quality of a particular "habitat": the native forests (see, for example, references give in Table 1 for Prediction 5). However, studies supporting the importance of Kotze et al. (2012) forest habitats were conducted in North American and in central and northern European cities that grew into agricultural and forested landscapes. By contrast, a study conducted in a Mediterranean context, where most of the species that composed the "original" insect fauna were probably associated more with open habitats than forests (Fattorini, 2011b (Fattorini, , 2013 , revealed an opposite pattern. These results warn against the risk of generalizations about the conservation importance of particular biotopes as "key habitats" and call for the need of studies that take into account local ecological settings. In general, as observed for rare plant species (Parker, 2012) , even small green spaces may have an important role for insect conservation in urban areas (see Fattorini, 2011b) . A study of urban tenebrionids in Rome (Fattorini, 2014a ) also showed a negative effect of circularization of forest fragments on species richness, which is opposite to Prediction 6. Because urban green spaces tend to deviate substantially from a circular shape, this sounds like good news. Circularization is inversely related to ecotonal development. Thus, this result also contrasts with previous findings on the negative effects of edge development on insect diversity (see, for example, references given in Table 1 for Prediction 2). However, ecotonal development may have negative effects on insects that are associated with forest habitats (and particularly on interior species), but a positive one on open-habitat and forest generalist species. As a matter of fact, results that supported the importance of circularization were obtained from cities where the investigated insects were mainly forest species (e.g. Kotze et al., 2012) .
As regards Predictions 3 and 4, isolation of green spaces has been shown to affect negatively insect diversity and abundance in various contexts, as a consequence of the fact that the built-up matrix is generally inhospitable and difficult to cross for most species (see Table 1 ). However, response of arthropod species to isolation depends on their ability to cross the matrix. Thus, in contrast with Prediction 3, which is well supported in literature (see Table 1 ), connectivity did not enhance tenebrionid diversity of green spaces, probably because of the substantially relictual character of their urban communities. Isolation can have a reduced impact also for very mobile species, but for opposite reasons. Insects able to disperse even across inhospitable environments to reach isolated habitat islands may be more affected by habitat quality than isolation (Angold et al., 2006) . Thus, promoting connectivity among urban green spaces by corridors or networks of green spaces that may act as stepping stones may be a useful strategy for insect conservation, but it is important that a relatively high habitat quality is preserved, at least in the largest green spaces. Finally, many studies on the urban-rural gradient identified negative trends (see, for example, references given in Table 1 for Prediction 4), which may indirectly support also Prediction 10. However, other studies found a peak of insect species richness at the gradient mid-point (Jones and Leather, 2012) and no urban-rural gradient effect was found for Rome tenebrionids (Fattorini, 2014a) .
With respect to the impact of green space characteristics on insect extinction rates, the only study that explicitly addressed this issue is one conducted on the tenebrionid beetles of Rome (Fattorini, 2014a) . Here it was found that larger urban green spaces present lower extinction levels, thus supporting Prediction 7, but also that the percentage of forested area had a negative effect on species richness and species persistence (in contrast with Prediction 11). This negative effect, as well as a lack of green space and forest shape effects on species extinction (in contrast with Predictions 8 and 12), may be explained by the low number of truly forest interior species among tenebrionids. However, in accordance with Prediction 9, early (pre-1960) tenebrionid extinctions were promoted by increasing mean distance between green spaces, which suggests that isolation has a detrimental effect on species persistence (Fattorini, 2014a) .
Conclusions and future work
Contrasting results provided by empirical studies worldwide warn against making generalizations on urban diversity patterns and conservation strategies based on ETIB models. On the other hand, the ETIB may represent a useful framework for conservation studies in urban areas, especially for small animals like insects, if the roles of other factors, such as the surrounding landscape, the specific needs of the species under study, and the history of the urbanization process, are taken into account.
Currently available studies are mostly based on pattern description, whereas the possible relationships between green shape characteristics and temporal trends in species extinction remain largely unexplored. This is probably due to the assumed lack of data to reconstruct temporal trends. However, results based on the use of museum data from Rome (Fattorini, 2011a) suggest that a similar approach could be attempted in other cities for which old insect collections are available.
Finally, although comparative analyses regarding insects are still lacking, it would be interesting to investigate in the future the parameters of the species-area relationship in relation to taxon ecology. The species-area relationship is usually modelled by the power function S = CA z (Triantis and Bhagwat, 2011), which can be linearized in the double logarithmic form logS = logC +zlogA, where S is the number of species, A is the "island area", C is the intercept, and z the slope. In the case of urban green spaces, the slope should be lower as immigration rates, the number of transient species, and the importance of rescue effects increase. Because these factors are in turn related to distance between green spaces and to matrix permeability, the degree of isolation should affect the shape of the species-area relationship.
